stasis, Oslo, Norway, 1971) , with molecular weights 67 OOO, 58 000 and 47 000 respectively (Gaffney & Dobos, 1971) . Fibrinogen, during digestion with plasmin (EC 3.4.4.14) , degrades to fragment X (rnol. wt. 270000-240000) (Marder et al., 1969; Gaffney & Dobos, 1971) , through fragment Y (mol. wt. 155 000) (Marder et al., 1969) to core fragments D and E together with a variety of lowmolecular-weight non-staining peptides (Nussenzweig et al., 1961) . Fibrinogen and all its fragments are heterogeneous. Fragment D is mainly composed of D, (mol. wt. 82 000) and D, (mol. wt. 73 000) (Gaffney & Dobos, 1971) . The polypeptide chains of D,are named D(Aa), D(BB) and D(y), and those of D, are named D(Aa), D(BB) and D(y), (Gaffney & Dobos, 1971 ; Gaffney, 1972b) . This nomenclature of the D subunits is based on their fragment of origin and their location in the fibrinogen chain. Other lower-molecular-weight forms derived from the fragment D family can be produced during more exhaustive digestion with plasmin (Furlan & Beck, 1972; Pizzo, Schwartz, Hill & McKee, 1972; Mosesson, Finlayson & Galanakis, 1973 ; Garland, Kowalska-Loth, Grondahl & Blomback, 1972) . The other core fragment, E (rnol. wt. 45 OW), contains three disulphide-bonded polypeptide chains (Gaffney & Dobos, 1971; Garlund et al., 1972) and is more resistant to further hydrolysis than fragment D.
Fibrin formation is initiated (Bettleheim & Bailey, 1952) by the cleavage of fibrino-peptides A and B from fibrinogen (AazBPzyz) by thrombin (EC 3.4.4. 13) . The resultant fibrin monomer (a2B2y2) polymerizes to form fibrin polymer (~(~/ ?~y~) , , which is cross-linked in the presence of calcium and factor XI11 (activated by thrombin) to form urea-insoluble fibrin (Lorand & Konishi, 1964) . These glutamyllysine (Matacic & Loewy, 1969; Pisano, Finlayson Rr. Peyton, 1968) cross-links form rapidly between the y chains to form y dimers (7-y) and more slowly between the u chains to form u chain polymers (aP) with molecular weights of over 400 000 (McKee, Mattock & Hill, 1970) . Solubilization of crosslinked fibrin by plasmin degradation shows (Gaffney, 1972a (Gaffney, , 1973 Gaffney & Brasher, 1973; Pizzo et al., 1973) that the y chain cross-links survive in pairs of D fragments, which then have a molecular weight of about 160000; this is referred to as 'D dimer'. That only one type of high-molecular-weight fragment (>lo0 000) containing the y chain crosslinks of fibrin is solubilized during fibrin digestion (Gaffney, 1973; Pizzo et al., 1973) is questioned in this report.
Materials and methods
Human fibrinogen was either obtained from Kabi AB (Stockholm) or prepared in the laboratory from plasma by ethanol and ammonium sulphate precipitation (Laki, 1951) . All preparations of fibrinogen contained residual amounts of plasminogen and factor XIII. Human thrombin (Parke Davis), streptokinase, human plasminogen (both from Kabi AB) and factor XI11 concentrate (Behringwerke) were used in these experiments. When reconstituted with buffer, the solution of factor XI11 concentrate was 50 times more concentrated than factor XI11 in normal plasma. A reference mixture of the wellcharacterized (Nussenzweig et al., 1961 ; Nilehn, 1967; Jamieson & Gaffney, 1968; Marder et al., 1969; Dudek et al., 1970) fibrinogen fragments (X, Y, D, and E) was prepared as follows. A solution of Kabi fibrinogen (10 g/1 in citrate-sodium chloride, pH 7.2) was incubated with 60 i.u. streptokinase at 37°C for 20 min. The streptokinase activates the plasminogen (present as an impurity in Kabi-grade L fibrinogen) to plasmin and the latter degrades the fibrinogen to the X, Y , D, and E fragments. The reaction is stopped with a solution containing sodium dodecyl sulphate (10 g/l) and urea (4 mol/l). Purified fibrinogen fragments D and E were prepared by preparative polyacrylamide gel electrophoresis (Brownstone, 1969) . Non-cross-linked (NXL) fibrin was made by treating fibrinogen with human thrombin (2.5 NIH units of thrombin per 10 mg of fibrinogen in a solution containing sodium citrate (1 3'5 mmol/l), sodium chloride (154 mmol/l) and EDTA (10 mmol/l), pH 7.2) for 2 h at 37°C. Totally cross-linked (TXL) fibrin was made in a similar manner except that the EDTA was replaced by CaCI, (20 mmol/l) and 5 pl of the factor XI11 concentrate. Partly cross-linked (PXL) fibrin was made by treating a solution of fibrinogen (10 g/l) with 60 i.u. of streptokinase for 5 min at 37°C and the mixture then clotted for 10 min at 37°C by the addition of 2.5 units of thrombin in CaCL (20 mmol/l).
The three preparations of fibrin (with different degrees of cross-linking) were digested by immersion in a solution of streptokinase (lo00 i.u./mI) for 30 min and then in a plasminogen solution (3.3 CTA unitslml) overnight at 37°C. Aliquots of the lysates of the fibrins were removed and the digestion was stopped by the addition of 0.2 mol/l e-aminocaproic acid or 100 kallikrein inhibitor units of aprotinin (Trasylol)/ml or equal volumes of a solution containing urea (8 mol/l) and dodecyl sulphate (2 g/100 ml), depending on subsequent experimental procedure. Polyacrylamide gel electrophoresis was carried out according to Davis (1964) , the spacer gel and the polymerization of the gel containing the sample being omitted. Sodium dodecyl sulphate-polyacrylamide gel electrophoresis was carried out essentially according to Weber & Osborn (1969); samples before electrophoresis were incubated in a solution containing urea (4 mol/l) and sodium dodecyl sulphate for 16 h at 37°C or for 1 h at 90°C, except for the examination of polypeptide chains when samples were incubated in a solution of sodium dodecyl sulphate (10 g/l), urea (4 mol/l) and 8-mercaptoethanol (200 mmol/l). All polyacrylamide gels were stained in Coomassie Blue (2.5 g/l) in methanol-acetic acid-water , (45 : 5 : 50 by vol.). Two-dimensional immunoelectrophoresis in agarose (Clarke & Freeman, 1968 ) was performed with, in the second dimension, rabbit antisera to fibrinogen, fibrinogen fragment D, or fibrinogen fragment E. Singledimension immunoelectrophoresis was achieved by cutting the polyacrylamide gels in half longitudinally after electrophoresis, one half being stained for protein and the components in the other half being allowed to diffuse in gel containing a parallel trough of rabbit antisera to human fibrinogen or fibrinogen fragment E. Antiserum to fibrinogen was prepared in rabbits as described by Nussennveig et al. (1961) . Rabbit antiserum to human fibrinogen fragment D was a gift from Dr N. Heimberger (Behringwerke AG, West Germany). Antiserum to fragment E was prepared from rabbits immunized by five weekly intramuscular injections of 2 mg of purified (Brownstone, 1969) fibrinogen fragment E in complete Freund's adjuvant. A potent antiserum to fragment E was obtained in most rabbits. The rabbit plasma was heated to precipitate fibrinogen and no absorption was necessary since the preparation of the fragment E antigen was pure. This antiserum cross-reacted with fibrinogen and fragment E but not with fragment D. Fig. 1 shows the sodium dodecyl sulphate-polyacrylamide gel patterns of the polypeptide chains of human fibrin totally cross-linked (TXL) (pattern A) and partly cross-linked (PXL) (pattern B). In both types of fibrin all the y chains are cross-linked as y dimers (7-y) . Inspection of the patterns and other reports (Gaffney, 1973; McKee et al., 1970) suggest that the a chains of TXL fibrin are cross-linked as a polymers (aP), whereas those of PXL-fibrin are not cross-linked but are present as degraded chains of molecular weight 25 000 (a'25) . The 8 chains and the y-y dimers of the PXL fibrin are heterogeneous because of the degradation effect of the plasmin during preparation. The fragment of mol. wt. 42 000 (denoted 8' 42) is probably derived from the 8 chain since it stained for carbohydrate.
ReSUltS
After the degradation of TXL fibrin and PXL fibrin by plasminogen activated by streptokinase, the gel patterns of the soluble fragments in both types of digest were similar (Fig. 1, D and E) . The main component in both digests was slightly larger than control fibrinogen fragment Y, and has been shown elsewhere (Gaffney & Brasher, 1973) to be the cross-linked form of fragment D (D dimer). Two lightly staining closely banded components (U in Fig. l) , slightly more mobile than fibrinogen fragment Y in sodium dodecyl sulphatepolyacrylamide gels, were present in both digests. Also evident were some other components which migrated in the gels to the same extent as control fragments D and E. These results suggest that the cross-linked a chains in fibrin do not influence the type of soluble fragments released by plasmin.
Totally cross-linked (TXL) fibrin was digested with plasmin until total lysis of the fibrin had occurred. This lysate was examined by sodium dodecyl sulphatepolyacrylamide gel electrophoresis, conventional polyacrylamide gel immunoelectrophoresis and two-dimensional immunoelectrophoresis before and after prolonged treatment with additional glycerol-activated plasmin. The results are shown in Figs 2 4 . The early TXL fibrin digest (i.e. before the prolonged plasmin treatment) showed one major fragment (D dimer) and two minor high-molecularweight (>100000) fragments (Fig. 2, A) . These minor fragments are here tentatively named U fragments. The D dimer has a slightly higher molecular weight than the marker fibrinogen fragment Y, and the U fragments are smaller.
Prolonged treatment of the digest with plasmin reduces the concentration of the U fragments and increases the concentrations of fragments which migrate in the location of fragments D and E ( 
FIG. 3. Electrophoretic patterns (original and outline patterns) for the TXL fibrin digests (A) before and (B)
after prolonged digestion with plasmin separated by electrophoresis on polyacrylamide gels (7%). The separated proteins were allowed to diffuse against rabbit anti-(human fibrinogen) serum (A/F) and against rabbit anti-(fibrinogen fragment E) serum (A/E). It is noteworthy that prolonged digestion caused a change in mobility of the major staining component whereas its molecular size remains unchanged (Fig. 2) . 
2, B).
The TXL fibrin digest on polyacrylamide gel immunoelectrophoresis (Fig. 3, A) showed that the more cathodic components reacted with the antisera against fibrinogen (A/F) and fragment E (A/E), as did the high-mobility component (fragment E), whereas the cathodic component in the prolonged digest (Fig. 3, B) did not react with the anti-E serum. It is noteworthy that the low-mobility component changed its electrophoretic mobility after plasmin treatment although its size remained approximately the same (Fig. 2) . Two-dimensional immunoelectrophoresis of the early digest showed two components reacting with the anti-E serum (Fig. 4, B) , one associated with the low-mobility fragments and the other having a higher mobility similar to fragment E. The same digest showed four components reacting with the anti-fibrinogen serum (Fig. 4, A) and two reacting with the anti-(fragment D) serum (Fig. 4, c) . Again the analysis of the digest after further plasmin treatment suggested that the low-mobility components reacted with antifibrinogen serum (Fig. 4, D) , and anti-(fragment D) serum (Fig. 4, F) but did not react with the anti-(fragment E) serum (Fig. 4, E) . It would seem that the digestion of the U fragments was synonymous with the loss of anti-(fragment E) activity in the lowmobility region of the agar and acrylamide gels. Electrophoresis in sodium dodecyl sulphate-polyacrylamide gels (Fig. 2) and the various immunological cross-reactions shown (Fig. 4) allow identification of D dimer as the major component of the low-mobility proteins and of fragment E as the component of high mobility. The U fragments (Fig. 2, A ) may be identical with those fragments which react with antisera to fibrinogen, fragment D and fragment E (Fig. 4 , A-C), since they are absent after prolonged digestion when examined by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (Fig. 2, B) , polyacrylamide immunodiffusion (Fig.  3, B) and two-dimensional immunoelectrophoresis (Fig. 4, D-F) . It is noteworthy that the components which disappear on further plasmin digestion show two spur lines of immunological identity with antifibrinogen serum (Fig. 4, A) .
Discussion
It has been suggested (Gaffney, 1972a (Gaffney, , 1973 Gaffney & Brasher, 1973; Pizzo et al., 1973; Kopec et al., 1973 ) that a fragment called D dimer was produced by plasmin from cross-linked fibrin only.
An assay specific for this fragment might prove useful for monitoring fibrinolytic treatment. Thus a further search was made for other fragments that might be specifically characteristic of the action of plasmin on cross-linked fibrin. This work shows that there are other fragments released, besides D dimer and E, and that they reacted immunologically with the antisera to fragments D and E. These other fragments (called U fragments here) were released by plasmin from both TXL and PXL human fibrin (Figs. 2 4 ) . It seems that these fragments derive from fibrin in which y-y cross-links have formed, and that the a cross-linking is not a prerequisite for their presence in fibrin digests (see Fig. 1 , which react with antisera to the D and E antigenic regions of fibrinogen, as well as with an antiserum raised against whole fibrinogen. Since the high-molecular-weight U fragments described above are reasonably stable to plasmin and only degrade slowly to fragments D and E, they are unlikely to be analogous to fibrinogen fragment Y . It is emphasized that the results presented suggest that the U fragments ( Fig. 1 and Fig. 2) give rise to the immunological reactions against anti-E and anti-D antisera ( Fig. 3 and Fig. 4) . It is, however, possible that the E-reacting material could be associated with the D dimer fragment and the U fragments may be immunologically unreactive. An explanation of the subunit origin of fragments released by plasmin from TXL-fibrin is difficult in the light of the known number and location of the y-y cross-links in human fibrin. The formation of y chain dimers only, rather than larger polymers of this polypeptide chain (McKee et al., 1970) , and the bovine-human y chain hybridization data of Doolittle, Chen & Lau (1971) suggest that the y-y cross-links are intermolecular rather than intramolecular. This 'stepping-stone' type of crosslinking explains the resistance of y-y cross-linked fibrin to urea solubilization (Schwartz, Pizzo, Hill & McKee, 1971), despite the fact that only two y-y cross-links per molecule are available (Pisano, Finlayson, Peyton & Nagal, 1971) . It has been suggested (Pizzo et al., 1973) that only one such cross-link survives in the D dimer fragment and, despite the evidence (Chen & Doolittle, 1970 ) that both the glutamyl-lysyl cross-links are close together at the carboxy ends of the cross-linked chains, it is thus feasible that some cross-links may occur between the D and E regions of the same or different molecules of fibrin. Otherwise, it is diacult to explain the presence of fairly stable high-molecularweight (about 135 000) fragments, in a cross-linked fibrin digest, which fragments show immunological similarity with D and E.
During the examination of many digests of crosslinked fibrin, small amounts of fragments having the same mobility as fibrinogen fragments D, were noted, despite the cross-linking of all the y chains as y-y dimers in the originating fibrin. This may now be in part explained by the continuous solubilization of some of the fibrin as slowly labile crosslinked D-E complexes. Low initial concentrations of fragment E in fibrin digests also support the intermediate formation of soluble D-E complexes. Whereas the stability of D dimer is considerably greater than the above-reported D-E complex, the former is also subject to plasmin degradation to fragment D. Since the carboxy end of fragment D is susceptible to lysis by plasmin (Garlund et al., 1972; Gaffney, 1974 ) the lability of D dimer and the D-E complex supports the report (Chen & Doolittle, 1970) that the cross-linking amino acids reside at the carboxy ends of the y chains.
The above data suggest that the interpretation of specific immunochemical assays for D dimer to monitor thrombolysis (Gaffney, 1973) would be influenced by the presence of the moderately stable D-E complex described above.
